1. Introduction
===============

Coronary artery disease (CAD) is the leading cause of death worldwide.^\[[@R1]\]^ Percutaneous coronary intervention (PCI) is an effective method for myocardial revascularization, and it has become the main procedure for the treatment of CAD.^\[[@R2]\]^ Considerable interest has been focused on the gender difference in CAD.^\[[@R3]--[@R5]\]^ Many studies have been performed to investigate the gender difference in in-hospital outcomes in patients undergoing PCI, but their results are still conflicting.^\[[@R6]--[@R20]\]^ In addition, most of these studies were performed in the era of thrombolysis, balloon angioplasty, or bare-metal stents.^\[[@R6]--[@R11],[@R14]--[@R18]\]^ Although there are several recent investigations on gender issue in the drug-eluting stent (DES) era, their study population was mainly restricted to patients with acute coronary syndrome.^\[[@R12],[@R13],[@R19],[@R20]\]^ Moreover, most studies reporting the gender issue were conducted in Western countries,^\[[@R6]--[@R13],[@R15]--[@R20]\]^ and Asian data is scarce.^\[[@R14]\]^

Therefore, this study was performed to investigate whether there were differences in in-hospital outcomes and risk factors affecting outcomes between genders among Korean patients undergoing PCI in the contemporary DES era.

2. Materials and methods
========================

2.1. Study population
---------------------

This study data was obtained from the nationwide Korean PCI (K-PCI) registry database. The K-PCI registry database was constructed to characterize the clinical features and in-hospital PCI outcomes of Korean patients. The details of the design of the K-PCI registry and the data collection process have been previously described.^\[[@R21],[@R22]\]^ Briefly, between January and December of 2014, all consecutive patients undergoing PCI were retrospectively pooled from 92 cardiac centers of Korea in this registry. The choice of medication and the types of procedural devices were left to the discretion of the operating physician. PCI was performed according to the current guidelines.^\[[@R23]\]^ The Korea PCI registry report was designed to construct data standards to set-up treatment guidelines reflecting relevant clinical situations and all the important aspects of coronary interventions were collected. We did not exclude certain cases for the reason of medical comorbidities, such as malignancy, renal failure or chronic liver disease. The Institutional Review Board of each participating hospital approved the study protocol.

2.2. Collection of clinical and angiographic data
-------------------------------------------------

Data was collected using web-based standardized data collection forms. A dedicated staff member at the participating hospital collected the data and forwarded it to the coordinating center where the database was created. The values of important clinical parameters were extracted from the database comprised of a standard set of 54 data elements.^\[[@R22]\]^ Cardiovascular risk factors were identified, which included age, hypertension, diabetes mellitus, dyslipidemia, smoking status, family history of CAD, prior myocardial infarction or PCI, chronic kidney disease, cerebrovascular disease, and peripheral arterial disease. Clinical diagnoses at the time of PCI were classified as silent ischemia, stable angina, unstable angina, and acute myocardial infarction. Left ventricular ejection fraction was measured using transthoracic echocardiography. Information on antianginal medications within 2 weeks of index PCI was obtained. These medications were beta-blockers, calcium channel blockers, long-acting nitrates, nicorandil, and trimetazidine. As angiographic parameters, extent of CAD, lesion location, PCI approach methods, and type and number of stents inserted were identified.

2.3. In-hospital outcomes
-------------------------

All-cause death, cardiac death, nonfatal myocardial infarction, stent thrombosis, stroke, urgent repeat PCI, and bleeding requiring transfusion during index hospitalization were identified. Cardiac death was defined as any death due to proximate cardiac cause (e.g., myocardial infarction, low-output failure, and fatal arrhythmia), unwitnessed death, death of unknown cause, and all procedure-related deaths.^\[[@R24]\]^ PCI-related myocardial infarction was considered based on clinical features including cardiac enzyme elevation between 6 and 24 hours of PCI, development of pathologic Q waves in electrocardiography or sudden unexpected cardiac death.^\[[@R25]\]^ Stent thrombosis was defined as definite according to the Academic Research Consortium criteria.^\[[@R26]\]^ Stroke was defined as a new onset of focal or global neurological deficit lasting more than 24 hours, which was confirmed by a neurologist and on brain imaging. Composite events were defined as events made up of a grouping of PCI, including mortality, non-fatal myocardial infarction, stent thrombosis, stroke, urgent repeat PCI, and bleeding requiring transfusion.

2.4. Statistical analysis
-------------------------

Continuous variables are expressed as mean ± standard deviation and categorical variables as numbers and percentages. Patient characteristics between men and women were compared using the *χ*^2^ test for categorical variables and Student *t* test for continuous variables. Unadjusted risk of in-hospital outcomes in women compared to men was assessed using the *χ*^2^ test, and adjusted risk was assessed using multiple binary logistic regression analyses. In order to identify independent risk factors for in-hospital outcomes, multiple binary logistic regression analyses were performed in men and women separately. We adjusted for clinically relevant possible confounding factors. These include demographic factors and medical history (age, hypertension, diabetes mellitus, dyslipidemia, smoking status, family history of CAD, prior history of myocardial infarction, prior history of PCI, chronic kidney disease, cerebrovascular disease, peripheral arterial disease and presentation with acute coronary syndrome), left ventricular ejection fraction, and angiographic and procedural characteristics (the extent of CAD, the number of implanted stents, and the involvement of the left main or proximal left anterior descending artery). Odds ratio (OR) and 95% confidence interval (CI) were calculated to estimate the strength of the association between risk factors and in-hospital events. All data were analyzed using IBM SPSS statistics version 24 (IBM SPSS Statistics, IBM Corp., Armonk, NY).

3. Results
==========

3.1. Clinical characteristics of the study patients by gender
-------------------------------------------------------------

A total of 44,967 PCI procedures were analyzed in this study. Most patients (91.3%) received DES. The study population was predominant male (70.2%). Clinical, angiographic and procedural characteristics of the study patients by gender are shown in Table [1](#T1){ref-type="table"}. Women were older than men (71.1 ± 10.1 years vs 62.9 ± 11.4 years, *P* \<.001). Among risk factors, hypertension, diabetes mellitus, chronic kidney disease, and cerebrovascular disease were more prevalent in women than in men (*P* \<.05 for each); however, current smoking, family history of CAD, previous myocardial infarction or PCI and peripheral arterial disease were more prevalent in men than in women (*P* \<.05 for each). Acute myocardial infarction as a clinical presentation at the time of PCI occurred more frequently in men than in women (40.1% versus 33.3%, *P* \<.001). Cardiac arrest was more frequent (2.5% vs 1.7%, *P* \<.001) and left ventricular ejection fraction was lower (56.8 ± 12.0% vs 58.1 ± 12.6%, *P* \<.001) in men than in women. Among antianginal medications, beta-blockers were more frequently prescribed in men and calcium channel blockers in women (*P* \<.001 for each). In angiographic findings, although women were more likely to have extensive CAD, left main disease was more frequently found in men. Non-elective PCI was more frequently performed in men than in women (35.0% vs 29.5%, *P* \<.001). The trans-radial approach was more frequently used in men compared to women (56.6% vs 54.8%, *P* \<.001). There was no significant difference between gender in the number of stents inserted or mechanical support devices used during the procedure (*P* \>.05 for each).
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Clinical, angiographic and procedural characteristics of study patients.
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3.2. Gender comparisons of in-hospital outcomes
-----------------------------------------------

In-hospital events are represented in Figure [1](#F1){ref-type="fig"}. There were 2669 patients (5.94%) suffering composite events during hospitalization of index PCI. The incidence of total death, cardiac death, nonfatal myocardial infarction, stent thrombosis, stroke, urgent repeat PCI and bleeding requiring transfusion were 2.28%, 1.57%, 1.56%, 0.38%, 0.20%, 0.26%, and 2.17%, respectively. The incidence of composite events was significantly higher in women than in men (7.01% vs 5.48%, *P* \<.001). Total death (2.95% vs 1.99%, *P* \<.001), cardiac death (2.03% vs 1.37%, *P* \<.001) and bleeding requiring transfusion (2.91% vs 1.86%, *P* \<.001) were more frequently occurred in women than in men; however, stent thrombosis (0.44% vs 0.25%, *P* = .003) and urgent repeat PCI (0.30% vs 0.16%, *P* = .015) more frequently occurred in men than in women. Relative risks of in-hospital outcomes in women compared to men are demonstrated in Table [2](#T2){ref-type="table"}. Unadjusted analyses showed that women had a 1.49 times higher risk of in-hospital mortality (95% CI, 1.31--1.69; *P* \<.001) and a 1.30 times higher risk of composite events (95% CI, 1.19--1.41; *P* \<.001) than men. After adjustment for potential confounders, female gender was not a risk factor for mortality (OR, 1.25; 95% CI, 0.84--1.86; *P* = .258), but it remained as a significant predictor for composite events (OR, 1.20; 95% CI, 1.05--1.37; *P* = .008).

![In-hospital events of PCI in men and women. MI = myocardial infarction, PCI = percutaneous coronary intervention.](medi-98-e15557-g002){#F1}
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Women\'s risk for in-hospital outcomes compared to men (n = 44,967).
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In subgroup analysis, in-hospital composite event rates were similar between genders in younger age groups (\<55 years) (*P* = .417). However, in-hospital composite event rates were significantly higher in women than in men in older age group (≥55 years) (*P* \<.001). Event rates in women were significantly higher whether they had diabetes mellitus or presented with acute myocardial infarction (*P* \<.001 for each) (Supplementary Table).

3.3. Independent risk factors for the in-hospital outcomes in men and women
---------------------------------------------------------------------------

Independent risk factors associated with in-hospital outcomes in men and women are separately shown in Table [3](#T3){ref-type="table"}. In men, age, dyslipidemia, previous history of PCI, chronic kidney disease, peripheral arterial disease, acute coronary syndrome, extent of CAD, and involvement of the left main coronary artery or proximal left anterior descending artery were independently associated with in-hospital outcomes in the multivariable analysis. In women, old age, diabetes mellitus, family history of CAD, chronic kidney disease, acute coronary syndrome, lower left ventricular ejection fraction, and extent of CAD and involvement of the left main coronary artery were independent predictors of in-hospital outcomes. Old age, chronic kidney disease, clinical presentation with acute coronary syndrome, left ventricular systolic dysfunction, more severe CAD and left main disease were common risk factors in both men and women. However, some other risk factors showed gender differences: dyslipidemia, prior history of PCI, peripheral arterial disease, and the lesion of the proximal left anterior descending coronary artery were independent risk factors in men but not in women; however, diabetes mellitus and family history of CAD were independent risk factors in women, but not in men.

###### 

Independent predictors of composite in-hospital events in men and women.
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4. Discussion
=============

The gender difference in PCI-related in-hospital outcomes has not been well addressed in the DES era especially in Asian patients. Using the nation-wide registry data of Korean patients undergoing PCI with DES, this study showed that women had higher in-hospital composite events than men. However, in-hospital mortality rates were not different between genders.

There have been several studies demonstrating gender differences in in-hospital outcomes in patients undergoing PCI. Although some studies have reported higher event rates in women than in men,^\[[@R6]--[@R13]\]^ several studies have failed to show gender differences because gender differences in in-hospital outcomes decreased or disappeared after adjustment for age, comorbidity, treatment, and procedure.^\[[@R14]--[@R20]\]^ Our study also demonstrated that in unadjusted analyses, the risk of in-hospital mortality in women disappeared after controlling for baseline differences in age, comorbidities, disease severity, and angiographic and procedural characteristics. Some studies showed that female gender did not predict in-hospital mortality independently, but remained an independent risk factor for PCI complications,^\[[@R6],[@R27]\]^ which is in line with our results showing that female gender was independently associated with increased in-hospital composite outcomes including bleeding requiring transfusion but not in-hospital mortality. It has been suggested that a high relative risk in women has gradually decreased as the practice of PCI has evolved over the last decades.^\[[@R10],[@R18]\]^

Most studies reporting on the outcomes of PCI for women versus men were conducted in the thrombolytic reperfusion era, the balloon angioplasty era or the bare-metal stent era, before the widespread availability of DES,^\[[@R6]--[@R11],[@R14]--[@R18]\]^ but a greater proportion of PCI procedures are currently being performed using DES. Moreover, PCI tools such as guiding catheters, wires and balloon catheters have been developed, and more effective and safe adjunctive pharmacological therapies have been developed. However, there have been limited data on the effect of gender on in-hospital outcomes in the DES era. Although there are several recent investigations on gender issue in the DES era, their study populations were restricted to patients with acute coronary syndrome, and their results are still conflicting.^\[[@R12],[@R13],[@R19],[@R20]\]^ Therefore, results of our study may deserve clinical attention, because we used the recent database of PCI registry reflecting the current practice of interventional cardiology among unselected patients with CAD. In addition, most of the previous studies were performed in Western countries,^\[[@R6]--[@R13],[@R15]--[@R20]\]^ and the gender issue on PCI outcome among Asian patients remained to be evaluated. From this point of view, our study performed on Korean patients has another strength.

We showed a higher in-hospital composite event rates in women than in men. Several characteristics showing sex disparity including advanced age, more risk factors such as hypertension and diabetes, more severe CAD extent, delayed PCI procedure, and transfemoral approach, can be considered possible causes explaining a higher event rate in women. It has been shown that there is a 10- to 20-year delay in the onset of CAD in women when compared to men.^\[[@R28],[@R29]\]^ Advanced age in women carries more cardiovascular risks and comorbidity, leading to less frequent use of invasive treatment.^\[[@R6],[@R11],[@R17],[@R29]\]^ Our study suggests that advanced age with increased risk profile of women may be the main mechanism of gender gap because the gender difference of in-hospital composite events narrowed and in-hospital mortality disappeared after adjustment for these risk factors. In addition, atypical presentations in women may delay hospital visit and revascularization therapy.^\[[@R4],[@R5]\]^ It could be also postulated that smaller artery size^\[[@R6],[@R13],[@R19],[@R30],[@R31]\]^ and more frequent use of femoral artery access^\[[@R32]\]^ in women are associated with increased periprocedural vascular complications or bleeding. Our study showed a consistent finding in that there was a significantly higher rate of bleeding requiring transfusion in women compared to men Bleeding avoidance strategy such as preferred selection of radial artery access, the use of closure device and avoidance of inappropriate use of glycoprotein inhibitor should be considered in especially in women.^\[[@R33]\]^ In addition, intensive monitoring and aggressive management for bleeding complication after PCI should be applied to women in order to improve their in-hospital outcome.

We found independent risk factors of in-hospital outcomes in men and women with separate multivariable analyses. Advanced age, chronic kidney disease, acute coronary syndrome, left ventricular systolic function \<40%, involvement of 2 or more vessels, and left main disease were independent risk factors for in-hospital composite events in both men and women. These are also well-known periprocedural risk factors of PCI in many previous studies.^\[[@R15],[@R17],[@R18],[@R30]\]^ Interestingly, there were gender differences in some risk factors for in-hospital outcomes in our study. Multivariable analyses controlling potential confounders showed that presence of peripheral arterial disease and involvement of the proximal left anterior descending artery were risk factors, while history of prior PCI and dyslipidemia were protective factors in men, but these variables were not independent predictors of in-hospital outcomes in women. Whereas, presence of diabetes mellitus and family history of CAD were risk factors in women but not in men. Consistent with our finding, it has been reported that the excess risk of cardiovascular events associated with diabetes is significantly higher in women than in men.^\[[@R34],[@R35]\]^ It is important to recognize gender differences in risk factors because this might result in a better understanding of gender-related mechanism of CAD, and improved therapeutic strategies and outcomes in both men and women. Other risk factors showing gender disparity should be further validated in additional studies.

It has been suggested that clinical studies in recent decades have not always adequately enrolled women or analyzed gender differences in the data.^\[[@R36]\]^ This problem has been an obstacle for the progression of understanding women\'s clinical characteristics. Considering that women had significantly higher vascular complication rates as shown in our and other studies, the gender issue should be considered and more careful attention should be paid to women in order to minimize procedure-related vascular complications. We also showed different independent risk factors for in-hospital outcomes between men and women, which may provide more detailed information on high-risk patients. These high-risk patients need more aggressive management and monitoring, and specific measures aimed at preventing periprocedural events in this group of patients may improve in-hospital prognosis.

There are several limitations in this study. First, as our results are obtained from a retrospective analysis of an observational PCI registry that was subject to missing or incomplete information. Well-controlled prospective trials are required to confirm our findings. However, this registry can provide "real-world" data on a wide spectrum of unselected patients that underwent PCI procedures in Korea. Second, our study focused on in-hospital outcomes, and outcomes information after discharge was not available. Third, not all variables were controlled in the multivariable analyses, and there may remain significant unrecognized differences between men and women. Specifically, data on the use of potent antiplatelet agents such as glycoprotein IIb/IIIa inhibitor or ticarglrelor was not available in our study. These medications may have impacted on periprocedural ischemic and bleeding complications. Finally, information on menopausal status and hormone replacement therapy was not available in the present study. This information may be valuable to understand underlying pathophysiology of gender difference.

5. Conclusion
=============

In this nation-wide registry of contemporary PCI in Korea, women showed a higher in-hospital composite event rates associated PCI with DES than men. However, female gender was not an independent predictor for in-hospital mortality when adjusted for important clinical covariates. More careful attention to women should be emphasized to minimize procedure-related risks and improve prognosis.
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